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(54) THREE-DIMENSIONAL CAD/CAE LINK SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three-dimensional 
CAD/CAE link system capable of accurately and also quickly 
performing finite element analysis even to a laminated 
structure having a connection part laminated by an adhesive 
layer. 

SOLUTION: In steps S12 and S13, three-dimensional CAD 
data of a three- dimensional shape object is outputted in an 
intermediate file format, and in a step SI 4, an intermediate file 
is read by a Pre/Post processor. In a step SI 5, a neutral surface 
on a connected part laminated by an adhesive layer is 
extracted by using laminated beam theory in a master model 
composed of three-dimensional shape data automatically 
generated by the Pre/Post processor. In steps S16 to SI 8, a 
laminated shell element is generated at a neutral surface 
extraction position of the connection part, a shell element is 
generated at the neutral surface extraction position of a non- 
connection part, and in a step SI 9, the deviation of the neutral 
surfaces of the connection part from the non- connection part 
is defined to a corresponding shell element and a finite 

element model is generated. In steps S20 top S23, a finite element analysis is performed by using the 
finite element model. 
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+ISI7 r A >UB&Tftjl? « ±IB+I^7 r -< 
Pre/Post rn-fe y-fCBl*aty#K, ±EP r 
e/Post rot 3WiM^rf 

mztitz%-&mzmz> *iLwmmmmmm^xiti 

»**£j*3tf*^gL fc«kVLtJB«Jlvx;^3t£ffl 

t-tl) 3&7ECAD/C AEjlfiScv-XrA, 
[»*JB2] 3 &7c##ft*> 3 &7CC A D -f - ? <fc 

*tr 3 &7nC ADf — 9 fc+H? r 4 sHBrtTttft'f* 
ilW^7T>f^Pre/Postro-fe'yt 
tmatf^S, ±IBP re/Post TO-fe <yTCB 

V'±IB«lv-x^5St-ffl^T*RRSS ; &TVl'Sr±^-r 
S^SSrlllifcC k^Wak-f 4 3»0cC AD/CAE 
jlfiEv-X-fA,, 

[ mm 3 ] BatiJ{41tc«« is x 

irafc*4lll^lifcli2etttf>3&7cCAD/CA 

mmmfto*m(Mtt:z t ztmttzmxm is 

V > L 3 <0V >m*HclB«C7) 3 &76C A D /C A E jgj£^ 
XfA. 

h IftftQ 1 4 H L 4 ->"fil*HClB«» 3&7CC AD/ 
CAEjfifci'X-fA. 

[000 1] 

[ aMHojjw & atB^iw 3 . 3 »7cc a d ( c 

omputer Aided Design) /CAE 
(Computer Aided Engineeri 

n g ) mnisxr-Mzmtz i>cox-h o , max a u t 

o CAD (Auto De s kft) %b'cr>3<X7LCA 

D*m^xmzixti3®.7tmkT-fiziGEs (i 

nitial Graphics Exchange 
Specification) ^DXF ( D r aw i n 
g Interchange File), STEP 
(Standard for The Exchang 
e Product Model Data) ^t'Wf 



strn-fe.y-9---CK*atfii:tcJ:0s CAE»Sf(: 
ti^Xm^htl&C AEffl^TRSS^ffi (Finite 
Element Method FEM)tf/W^ 

facet iWft&ffii&OT-? ) £ S»£l£$t!\ t 
^WtfcSr *«Mffl*ffll»*-4 £ l> 3&teC A 

D/CAES^X-fAtfcV^T. J: 9* 

«$<l^«[JiflBft«s«r 6 3»ScC AD/CAE 

[0002] 

HRK3«7C»tt»<0FEMJSWf*fT* 
ttJKM&fflBBX (Finite Eleme 

nt ) tmmz^mcommizMmkt&!&m*fo&. 
^mmmcoftmziz, -mizp r e/p o s tm* 

-t- (Witf. SDRCttSl -De as^ESPtti^ 
FEMAP&fc") fcBffcfflSV^h^xr^fflV^it 

1 1 7 1 P r e / P o s t Tn-t: 7 t-Cfcftl. t 
T/Wb<0JSn«:^. Bll7(Cfcvrc, U2#-7\ 2 
14£. 3««wmiL 4tt 5fig5£ (/ 

-K)T'ftO, Pre/Post7ot7t-^T 

¥fflO*§-£ , £ 2 , # -7" 1 firtrfRHffiB 3 

(Surf acetDf^tCtl) s 38Sc£flc05* 
£\ Su r f ac e 3T£ft3tlfc£tt (Vo 1 ume 
kPWsii:»rt4) HI 7fc*jwtii, 

£1\ ^T77S 1T'«-£2c7)®I£A7JU Xr-yT 
S2~S4Tlf}fW<2a;7CfI^, £2, #-7 
lTJaSSilfcflHPrBS. 3«7cAfltfO»&. Sur 
face 3T3e*S<lfc4**^fejS-rS. <Xfc, Xr-v 
S 6TttB*4<0tm!|ttttJ iVfl^ttJI 
*U ? t CXf 7 7 S 7 T'liSf SliLt . 
XTv7°S8T®5g£4ll£-f6. £*>J:dfc:LT»&ft. 

(Xf77S9> S10) . 

[0 00 3] ZtlbnAf-yTZmft&lZbtzf) ^ Z 

tit ximsmsfrhmmiimmimMR o . ^A7j 

LTVVfctf. i£%-<r>3<X7tCAD<7)%3.l,z£ 0, Site 

*s-**it*«r«i:'Sf9'rv^. witf Auto c 

AD (Auto De sktt) ^t'WBiXTCCADS-ffl 
VvcRfh$iXfcfcOtt3<JiSc#:Ry-*$: I GES^D 
XF^t'c04"ia7r^M^±J7]L, -r07r^;PSrPr 
e/Pos tra-fe7-9"-T*^atf^t* { T'#l.. 
*a*nJtf-^tt, HI 8lz*co-Mi^?£ ltz s 

#r-* (7^^-tf» *^^^^•cv^s. 01 8(2 
*-t3^x;ff^K7-'-^ Srtttc, W 

i ft^JS Ufc fc 19t*S. P r 
e/Post7n-b7t-Cl3Utll H19C^J: 
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•5 tC. 3»3cCADt— *a»<9a*flX-3£Vo 1 ume 
F«?KI!31Bft»*6Sr4flKS-fr6«Sg*WLr*J0s 
*fl^Ttfx*oTV*fcHl T^X^^S 1~S4. 

[0004]-^ W«^1Wrif<0 i Ef , /Mk*rtfe«fc: 
*5VvC , TfflJE^TOB (Planestress)ffi 
JTC* Km®* 2<X7B¥1BiS*K* ( 

*) TJftMfc (tf/Wt) TS*. i'x/l^fiil^. 

[0005] 3&7CCAD*»4>P r e/Po s tTu-fe 
■y-f-'Vjg?^ 3<X7C^«x-^ (?X^-tf/l-) 

X/^tf/M 1 9 9 6. 3. 4 No. 475 p. 6 
3) C&BH&hTVift. 02 0, 2 lfcvtiat. 9 

■tS (R«58ci:IW-&) . ^J:dtcLT3ft7UfJ£ 

2 lt*4. 
[0006] 

[JWi^lfifeLJ: atrial] «*c7)3<XtcCad/ 
CAE aUKv-^-r At4J3Lhtf5 XotzLXCAEb <t)j1j£ 

3 A D/C A E»fig v-X-r AtCOV ^Tl»BJ-r . 
JJaffi£tt£3&7cCADT'^lft&*§£. 02 2 
( b ) t^-TJ: a C. &3PC&*ffi*4l 1 2(i0fflftL 
=5rV^-&*<#< . Pre/Post 7'a-b •ytf-T'B!^ 

S. 02 2 (a) ttfttf^Tfe &SHKft*fll? 
T*9. 02 2 (b) (^ftjcCADf'-:?, 02 2 
(c)(iP re/Post 7-Q-b 
X?-*t/PT'£>6. *7ts 02 2K*$Wt H 1 ltttft 
fcflcA. 1 2li«fl, 13li»fftB, 14ti3&7c 
CADr-^*»^aE»KofeXr-^ 1 5 3«OcCA 

[00 0 7] 02 3«, Pre/Post7nt.yf- 

A, BORAHS: TOg^T'ttlfflU ^1*1116. 
1 7&£j£LJti<OT<b.5>#\ 02 3C*-f«J:^t, & 
*<0fl|JBfll»«E* *Wfe fc Ul3<K7cCAD/CAE3ij* 

[00 08] ffifc, 02 4 (a) (b) ( c ) fcijcf X 
&*Sl 2£3&7£;CADT'0ffiftU Pre/ 

Post ro-fe 7t-^awf . mmm 1 8#-?x 



tfM:«L 02 5 (a) fcjjrfj:^c, 3&7c:£tic 
^k*JJ:t^rHK3H!Wf*ntr«BH4rft. fcfc. 02 5 

( b ) itiLmmim^tz^yy^y-yrmmm^T 

[0009] L*>L*0*Sk IMWXoKUmzX*)* 

3&7C»#1M3iJfl-r&«te, tf-»$ISia t fi<=flr&fcfa» 
9T'&<. fttH»*>£**w<-(cJ: mm^z^h 

[00 10]-*. 024 (c) VX?-* 
r/Kc*f L, 02 6 iztjk-t X 3 £ . ±T*£«tt 11.1 

«*1 1 . 1 3<3+:£!B±fc£j£Lfc5'x/l'R*l 6, 
17, fcJ;t/«#«0't'4ffl±^BEL^^x;^^2 

-t&zktfx°*%^t\,^fflmtfg>&. 
[ooin ±ieraii^^»^T'# s^rag^T >j >- 

V^S. H2 7fcfl^J:aK, t»«cl 1. & 

«I12, ttSftl 3^ffiMISt i: J; 9. 

WiSaH (LaminateTheory) #jgfflT 

mmwik Lxnwmwm®. mv^mtmm 
ft) -ri»^i:* { T^i). ap*>, flustu-cfcfetfefi 

SWftU ^H^Wt»LTtt*«ftl 1. 1 3tf>+4 
ffit^x/Up*22. 2 3S:^L. «Jl^xyUS^2 

X'&is-th . 

[ o 0 1 2 ] L*> L$r#<5 , i J; o tcumz x o 
ftL. WP8»«»W*1tofc«^ s IS^BtiStL, RfiS 

\/2<?>m. (-tKb-hmb) k%&tf. «*«u i . 

1 3 co««fc J: t^RW* t |B|--Wr v^RBO, ^^SP^KO 
4>&ffl2 4(i0'l>£jI4>3:V>. -e^ci^, Rfii^ffiTlfi 

c^^itiS 2 4 1 <oiatc-ffi3&»4 1 . ]E5i^WR8S^)KW 

[0013] i<?DfKBtt, iss^xocimimmth 

KMz%i$titzi><7)X'b 0 . S«JB(= J: 9*8/1 
»3B!Wf*«!rffi J Sr 3<J:tcC A D/C A EjgfiKxXxASr 
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[00 14] 

mm zmik-fh tinhorn 3 zaarnvm i mmz 

J:S 3iX7CC AD/C AEl^yXf All 3&7Cj|^c 

l!e^7r'f^Pre/Postrnt7 
■fCWfl&tr^S. JJEPre/Post7n*7tT 

6. 

[00 15] Z<F>Wn<r>W.2ffMmzi.h 3&7C 
CAD/CAEjgjfci^rAte, 3&fc«H5(7)3&7C 
CADf-^iO, J: OfiWlSftfcgN^Kii 

£fflS)fcB<aE££tf 3&fcC ADf-? £*B7 r 4 
#3Ur0Wj-*-6¥S, JJB4>Hl7T>f/MS:Pre/Po 
s t7*n-fe y^T'1^iiir¥&, fc4l/±IBP r e/P 
o s tTn^ y^T'eKl^^ix^vx^-tTVHcfc 

[0 0 16] ifc, Z COfttynm 3 <50fl!j££4 & 3&7C 
CAD/CAEMyXfAll 3Siafct±S&2<Dflft£ 

fcfcwt, ££as<0*:£ffittfflffia(::««vx/Wg&£ 
fcfci>lc, ^^a5^4»ifflttai{2Bk:->x 

6. 

[00173 4^, z<mw<?>m4<?)mmz£Z3&7c 

CAD/CAEl^XfAli, SSlfc^LifS30Vvf 

[0018] &tz. z <Dftw<om 5 nmmz 4 ■§> 3 &7c 

CAD/CAEMyXfAll »liV^UJB4<0V^ 
6. 

[00 19] 

[ JPJlaltttajgJB ] Xftto JBfll l . h5& Lfc J: o fc , 
14, 8#SHcfc<t&*:£®(48Jrffi«04> an 

£«>J:3$r««i/x7U§!#eT/l' 



Srffl^T, 3»:7CCAD^fflV>/cl5ft*^CAEt4?» 
[0020] J3lTK:*fft«<0lSitO»JB*KWrs. 0 

i immmmmizxh^iMiz^xmrn-t^mmmx' 

zSrfc^^t^T'ftS. 01 KfcWC, 27a(il«@ 
comm. 2 7b{i2«@<0lfJt, 2 7c(4n/l@<7)ft 

2 8i£mmw&*±mx'b o , fluaxnt ^frp 

flHf3ftKN-«<0|QRj (ttttSfc*. P. 5 8, 198 
4) £Ett3*UJ:'3fc:, Wtt*, 
**ilExi, Ait^t, «Jl1£0+£ffi2 8<7)ftg 
(4 

[00 2 1] 

[»1J 



[0022] t&fcOR«^ffiT'J4& 
<, ±IE« ( 1 ) *J^vcflOT«0*£BOffiff*8lSg 
■*-*£i:tcJ:^ SW>«B^x/P58B2 44jS(aaiS:ft 

[ o o 2 3 3 02 fc, *3m?mmtwm i C4 & 3& 

7CC A D/C A EjUS^X^AO y o-f-r - h £ * 
f. *3S*«0#JBT"«, 02 2fcjjrf4 o %i«>?/i<y 

T*f***3&7CCADTRW-U IGES, DXF& 
Z<n*m7 T A (XfvTSl 3) Lfcflfc, P 

re/Post To -fc •xlf-'Vf IbJ? r -f 7k£ffi*iitJ 
(Xf77S14) fc, 022 <c) (7)4-3tC^yh 

*s j: v*-yrje«LfcWttT- ? ^\mtz t tfx- 
mitmztt l , n^omium & 3>ffi lt ^smcd®. 

WZmZtZ (Af77S15) . f*Ulf, «J*3. 2 
mmi^llf (5WS*2 1 000kgf/ram') t«)f 
1. 6mm<0T/l'S-'7A« (5Wt*700 0kgf/ 
mm 2 )Sr0. 2 mmW-COm^M (®tt$ 1 0 3 k g f 
/mm 2 ) X-m^ltzm^. * ( 1 ) 4 0, *:£fflO<2 

s«4, i. 9 7mmt^^>. mznm^mx'mmi'h 

fc, 2. 5mmti0> Ba6**^t6. »&»K{4, tt 
^^■^1. (-HimXT-'yTSl 6. SI 7, SI 

8) . ap»«cA. B^iEttg^aio+iH 
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4 (XT-yTS 19). ZtllZ£<0m3t,Z*k-t£ott 
WR**f'rt'#ffcST , *&. 03tefcV^. 2 9f4^'J 

i(xf7/s2o) u ^immmftzmo (^t 

•y7*S2 1 ) . ffl&SXMOTMU 0tttfMSC/NAS 
TRAN^ADINA, COSMOS. ANSYS&k 

T. MiBrS*JfG* J WSjfiSCa=SrifS:P re/Post 
0 (Xf77S2 3 ) . 

[ o o 2 4 ] H4 fc, vymmm^iQuz 

±m<r>-rtdu i ± t , t^mfflff f h te 4 4 wf 
sa&tf&ix^h z tz^xfrmmg-mx'tmx'Zx^ 

T#JIffil*l£>«7J «r**>4 Z k tfX'% 4 >fc*>, £*JI1B 
rt»*0^*»HwfftSfcTT»C*4 (05) . 

[ o o 2 5 ] H6 . muf^mm^mm^hhnm^ 
^ximmsktamL^x-hi. mu^tx? 

«>{5a:R«ols«*^A>fLT^&. -3r. 07teiK-f4 

at. immmt. Afwawwcttu $51/20 

0W)fl«b&n>rffiT**. £Oft3t*<9B'Mte4»). ft* 
(BflOTfigk^. 

[ 0 0 2 6 ] Srfc . *HJfiO^®tefcV^T . 1 
1 . 1 3tt£«m£«WLfc«>*>«:*t*k Lfc#. M 

[0027] mmcomm2 . msit^m^mmcomm 

2 te 4 4 3 &7CC A D/C A EmSLisX xAc7)7 n-f- 

V vt 3 <Ktc C A D T« tfcft , fflttStt <0« 

£»te*tU IJj*WBWISiffiiiftSrafflLT«fAifi&«iaj 
f s (^f77s 15). ep*>. 1122 (a) te^-fJ: 
o^yyivy-vrmmm.^^. 1122 (t>> te^ 
s*i4 3«5cCADf-^o«^«te»LT, mmmm 
mzmmi,x*±m*mtt-h. #a»<o+£ 

ffitt&ftS^tf 3ft7CCADT-?£. IGES. D 
3). Pre/Pos t7 , D*?1h-'M»IBl7T'f A'fc 

R»&tr (^f7rs 14) k. iK-fv bfc4tA'#-7 
"CJE« LfcJBtt?*- * «r»t*$-£ k 4 . ±i£J$ 
^«4>:£ffi»tBfag(4. jEU^aKT£«Sftfc#-f 
yHJiW-Zt LTP r e/Po s trot vf- 



±tek 9.r*ft4. £*>j:3fc:L"C1*&*ufcv;**-* 

r/Ptettu «^gBte(i. i?a!o^Affitttti&atea« 

*4 (U«af77S 16. S17. S 1 8) . § 
fete. &*tfcA. B<o+ABk»£«<o+£iHk<Wi 
*^x;H?*+4B^3j-7*«yhkUT3aM"4 Ut 
77S 19). ClixteJ: OgtttaffiflU kHtt^dlRS 

*e* f /kWMi'Ct 4 . zco^TMzmmcomm 1 k h 

(Xf77S20) U WRRS«»W*ff<ir5 (Xfv 
TS2 1-S23) . 

[0028] *S6»tf)JB!iS2te J: 4ft?«f^(4. HSfeW 
»JBik^«, «^A^**T;MBW»iRk««R 
«^mk^D. ltt»B«a<>*L<«aiW-4. 

[0029] m&<vBm3 . ^mm^mmx-ii, jjm 

ttOJEMIl ^7t{i2^^XT^S-fflV^T. yvy hS!ffi$£ 
£ig*Uc«3g^*/l^ft?#rWJ£^-f. 09(4;vy h 
aM»*«»Ufcfl»a^*yK^ 3 &tuC ADte4 *Rft 
tefcv vt U:0-C*»h >w MM&kffi 

fflLTl/2te$MWl/0>4. HtetJWC, 3 1ligf 
$£S5. 3 2(4fllil/N , */k 3 3J4'vyMM. 3 4 

ttL^snarc**. hi o(i^ -y h§«£«*L*: 

flUt^^/KOjWflf tetJ v^TSafS** LfcHTJb 9 . « 

3iK»teJ4«Ji^x;i«**4js$-fr, -eoflsa. 

i {4±jt LtafrWB** Tfrx-bi . 

[0030] *tf/H:± 0 . J^SteSftfcflBiM* 

fflatesofrrs 4 k k t> teffinx h ^mrrsi 4 . 

[003 1 ] *HSgO»®tefcV^T. 

*\ ^i.(4-*ifi]*-^>'«iii^^7x«at. 77SH 
ffl^r«g-c«>4. 

[0032] mmcomm4 . ^mm<mmx'^ ±ian 
^at <^n^$ijfflis^^)ifflwj&^-r. 3 »:7cc ad 

T'f/l'SrjiLr. W^.{fFEMAP (ESPt) %t'CD 
Pre/Post TO -t •ylT-'Cll»jLCC«lltH 1 
2*541X01 3 te^-T. 01 4(ij&£kfflHKff)»&»£ 
^n4>3»:7C^«T-^S-vX^-^T^kL--C 
^L^*RS5^r>$-01 5(a) tc^-T. 01 5 
(b) (401 5 (a) tefcUT. («Jfxx/PS 
*) k^ftt^» (yiiHI) «0««*fe*»tT«Ufc 
0T'S>4O. 3 5{4«W^x;HB)MR«. 3 6<4IP«^ 
W>ffl$LX'hh. 01 6(4*^te44i/A7 i A$rffl^T 
©Jffll9i^^pf^ : R^^»^m^^L^0T'$> 0 . 
3 7ttS3BfflN 3 8«S3B1*«««B*^. S*3»:7C 
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X^ h zt 

[0033] **-r/Hc J: o . ^«a$*ifciw»»o 
[0034] Srti, *HSfe£7)Wcio^T. 

[00353 

[fKH^MR] 1 <o»;:t 6 3&tcC A 

D/CAEgJ&v^AtCtftfcf, 3<X5cJEMKSW>3<K 

JJE+IB7 r>(^Pre/Post T^n-fe >y tCK» 
atr¥Ss ±IEP re/Pos t/n-fe -v-TCStM 

l»**^l/*£j£i-4#«*ffi;ifctf>"C\ 3&7ECA 

d r - * imznm >- x f/w**? § . 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A means to output the three-dimensional-CAD data of a three-dimension configuration object 
in an intermediate-file format, In a means to read the above-mentioned intermediate file by the Pre/Post 
processor, and the master model which consists of three-dimension configuration data generated 
automatically by the above-mentioned Pre/Post processor A means to extract the neutral plane in the 
joint in which the laminating was carried out by the glue line using a laminating beam theory, The three 
dimensional CAD / CAE manifold-type system characterized by having a means to make the neutral 
plane extract location of the above-mentioned joint generate a laminating shell element, and a means to 
generate a finite element model using the above-mentioned laminating shell element. 
[Claim 2] A means to extract the neutral plane in the joint in which the laminating was carried out by the 
glue line from the three-dimensional-CAD data of a three-dimension configuration object using a 
laminating beam theory, A means to output three-dimensional-CAD data including the above-mentioned 
neutral plane extract location in an intermediate-file format, In a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor The three dimensional CAD / CAE manifold-type system characterized by 
having a means to make the neutral plane extract location of the above-mentioned joint generate a 
laminating shell element, and a means to generate a finite element model using the above-mentioned 
laminating shell element. 

[Claim 3] The three dimensional CAD / CAE manifold-type system according to claim 1 or 2 
characterized by having a means to define a gap of the neutral plane of a means to make a shell element 
generate, and the above-mentioned joint and the above-mentioned non-connecting part, to the 
corresponding shell element as the neutral plane extract location of a non-connecting part, and to 
generate a finite element model while making the neutral plane extract location of a joint generate a 
laminating shell element. 

[Claim 4] The three dimensional CAD / CAE manifold-type system according to claim 1 to 3 
characterized by having a means to perform finite element analysis using the generated finite element 
model. 

[Claim 5] A three-dimension configuration object is the three dimensional CAD / CAE manifold-type 
system according to claim 1 to 4 characterized by being the structure which has the laminated structure 
which consists of fiber reinforced plastics. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a thing about three dimensional CAD (Computer Aided 
Design) / CAE (Computer Aided Engineering) manifold-type system. For example, they are IGES 
(Initial Graphics Exchange Specification) and DXF () about the three-dimension configuration data 
designed using three dimensional CAD, such as Auto CAD (Auto Desk). [ Drawing ] Interchange It 
outputs in intermediate-file formats, such as File and STEP (Standard for The Exchange Product Model 
Data). By reading the file by the Pre/Post processor The configuration data (data of the field called 
Surface defined by the point and the curve) for the finite-element-method (Finite Element Method : 
FEM) model creation for CAE used in CAE analysis are made to generate automatically. In the three 
dimensional CAD / CAE manifold-type system which can reduce the time amount which modeling 
takes, the three dimensional CAD / CAE manifold-type system for the laminating structure in which the 
laminating was carried out by especially the glue line are realized. 
[0002] 

[Description of the Prior Art] When performing FEM analysis of a three-dimension configuration object 
generally, an object needs to be discretized to the field of the finite called a finite element (Finite 
Element). The software generally called Pre/Post processors (for example, I-Deas made from SDRC, 
FEMAP by the ESP company, etc.) is used for creation of a finite element. The flow of modeling in a 
Pre/Post processor is shown in drawing 17 . In drawing 17 , in 1 , a curve and 2 need to define the 
element generation field in the candidate for modeling, in order for a field flat surface and 4 to be joints 
(node) an element (finite) and 5 and for a point and 3 to make an element 4 generate using a Pre/Post 
processor. The stereo (referred to as Volume) with which the element generation field was defined by 
Surface3 in the case of the field flat surface 3 (referred to as Surface) which was defined by the point 2 
and the curve 1 in the case of the two-dimensional flat surface, and the three-dimension stereo is needed. 
In drawing 17 , first, the coordinate of each point 2 is inputted at step SI, and when an object is a two- 
dimensional flat surface in step S2 - S4, in the case of a point 2, the field flat surface 3 defined by the 
curve 1, and a three-dimension stereo, the stereo defined by Surface3 is generated. Next, steps S5 and S6 
define the material property and shape property of an element 4, step S7 defines the element number of 
partitions further, and an element is generated at step S8. Thus, to the obtained element, boundary 
condition is set up and analysis is performed (step S9, S10). 

[0003] In performing these steps, the operator was reading and doing the manual entry of the coordinate 
from the design drawing until now, but it is possible to make it generate automatically by the spread of 
three dimensional CAD in recent years. For example, Auto Although designed using three dimensional 
CAD, such as CAD (Auto Desk), three-dimension configuration data are outputted to intermediate files, 
such as IGES and DXF, and the file can be read by the Pre/Post processor. As the read data show the 
example to drawing 1 8 , the three-dimension configuration data (master model) which defined the 
designed product by the point and the curve are contained. That which generated the finite element 
automatically based on the three-dimension configuration data (master model) shown in drawin g ,18. is 
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drawing 19 . In the latest Pre/Post processor, as shown in drawing 1 9 , it has the function to make a 
tetrahedral element 6 generate, in Volume read in three-dimensional-CAD data, and step SI in drawing 
17 which was being performed manually conventionally - S4, and step S8 can be performed 
automatically. 

[0004] On the other hand, in modeling objects, such as the sheet metal structure, when a state of plane 
stress (Planestress) can be assumed, an object can be discretized with a two-dimensional plane stress 
element (shell element) (modeling). A shell element usually creates the field (neutral plane) located in 
the middle of board thickness, and creates a mesh. Sufficient precision will be acquired if it is the sheet 
metal structure. Since modeling of the direction of board thickness is unnecessary, a mesh can be 
simplified, and analysis time amount can be shortened. 

[0005] The method of extracting a neutral plane from three dimensional CAD automatically from the 
three-dimension configuration data (master model) passed to the Pre/Post processor is opened to for 
example, the Nikkei mechanical (1996. 3.4 No.475 p.63). As shown in drawing 20 and 21, in the master 
model 9 of the thin gauge structure, a circle is described to a cross section 7 and a neutral axis 8 is 
extracted by connecting the core by the line (the circle describing method is called). Thus, the neutral 
plane 10 extracted by the circle describing method to the three-dimension sheet metal structure is 
drawing 2121 . 
[0006] 

[Problem(s) to be Solved by the Invention] The conventional three dimensional CAD / CAE manifold- 
type system were performing the manifold type with CAE as mentioned above. Next, the three 
dimensional CAD / CAE manifold-type system in the case of being aimed at the structure containing the 
adhesive joint section in which the laminating was carried out by the glue line in the sheet metal 
structure are explained. When designing the above-mentioned structure by three dimensional CAD, as 
shown in drawing 22 (b), the ultra-thin glue line 12 is not drawing-ized in many cases, and is read in the 
form which does not have a glue line in the master model read by the Pre/Post processor. In addition, 
drawing 22 (a) is a sheet metal bond joint which is a candidate for a design, and is the master model 
which read drawing 22 (b) by three-dimensional-CAD data, and read drawing 22 (c) by the Pre/Post 
processor. Moreover, it is the curve from which Adherend A and 12 read 1 1 and a glue line and 13 read 
Adherend B and 14 in three-dimensional-CAD data in drawing 22 , and 15. It is the point read in three- 
dimensional-CAD data. 

[0007] Although drawing 23 extracts the neutral plane of the vertical adherends A and B by the circle 
describing method and generates shell elements 16 and 17 to the above-mentioned master model read by 
the Pre/Post processor, as shown in drawing 23 , the analysis which could not model having pasted up 
but took that it was a bond joint into consideration in the three dimensional CAD / CAE manifold-type 
system for the conventional laminating structure is impossible for it. 

[0008] If a glue line 12 is drawing-ized by three dimensional CAD and it reads into a Pre/Post processor 
as shown in drawing 24 (a), (b), and (c), a glue line 18 will be in the condition of having been contained 
in the master model. To such a master model, as shown in drawing 25 (a), modeling and finite element 
analysis in consideration of a glue line become possible by making the three-dimension solid element 19 
generate. In addition, drawing 25 (b) is drawing having shown the deformation condition analysis result 
at the time of carrying out the load of the tension load 20 to the edge of the shingle-lap bond-joint model 
which used the solid element. 

[0009] however, since the thickness of an ultra-thin glue line serve as criteria of an element division 
degree when a model be make by the above approaches and finite element analysis be perform, when 
cause huge-ization of the number of elements and apply to complicated three dimension configuration 
objects, such as a real product, computation time not only become long, but by modeling by the solid 
element which cannot permit the element of a big aspect ratio on analysis precision, the cases which 
become analysis impossible by the capacity over of a calculating machine occur frequently. 
[0010] On the other hand, although reduction of computational complexity becomes possible to the 
master model shown in drawing 24 (c) by applying the circle describing method to the vertical 
adherends 1 1 and 13 and a glue line, and making a model with a shell element as shown in drawing 26 
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There is a problem that association between the shell elements 16 and 17 generated on the neutral plane 
of adherends 1 1 and 13 and the shell element 21 generated on the neutral plane of a glue line is not 
made, and it cannot model having pasted up. 

[001 1] The "laminating shell element model" is proposed as the finite-element-modeling approach 
which can solve the above-mentioned trouble. As shown in drawing 27 , by catching a joint with the 
laminate of adherend 1 1, a glue line 12, and adherend 13, the laminating theory (LaminateTheory) can 
be applied, the equivalence elasticity (an elastic modulus, coefficient of linear expansion, etc.) as a 
laminate can be searched for, and a model can be made with a shell element (it will be called a 
laminating shell element) by giving as an element property (discretization). That is, the gap which 
formed the joint into the laminating shell element, generated shell elements 22 and 23 to the neutral 
plane of adherends 1 1 and 13 to the non-connecting part, and was produced between the laminating shell 
elements 25 is combined by the rigid-body link 26 during a joint by generating the laminating shell 
element 25 on the field extracted by the circle describing method to the joint regarded as a laminate. 
[0012] However, when a model is made by the approach of coming and finite element analysis is 
performed, the location of the neutral plane extracted by the circle describing method turns into one half 
of locations (namely, center of figure) of the board thickness of all joints to a joint, but unless the quality 
of the material and board thickness of adherends 1 1 and 1 3 are the same, the true neutral plane 24 of a 
joint does not pass along a center of figure. Therefore, when the location extracted by the circle 
describing method was made to generate the laminating shell element 25, the gap arose between the true 
neutral planes 24, and there was a problem that exact finite element analysis was impossible. 
[0013] This invention is made in order to cancel the above technical problems, and it aims at offering 
the three dimensional CAD / CAE manifold-type system in which exact and quick finite element 
analysis is possible also to the laminating structure which has the joint in which the laminating was 
carried out by the glue line. 
[0014] 

[Means for Solving the Problem] The three dimensional CAD / CAE manifold-type system by the 1 st 
configuration of this invention In a means to output the three-dimensional-CAD data of a three- 
dimension configuration object in an intermediate-file format, a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor It has a means to extract the neutral plane in the joint in which the 
laminating was carried out by the glue line using a laminating beam theory, a means to make the neutral 
plane extract location of the above-mentioned joint generate a laminating shell element, and a means to 
generate a finite element model using the above-mentioned laminating shell element. 
[0015] Moreover, the three dimensional CAD / CAE manifold-type system by the 2nd configuration of 
this invention A means to extract the neutral plane in the joint in which the laminating was carried out 
by the glue line from the three-dimensional-CAD data of a three-dimension configuration object using a 
laminating beam theory, A means to output three-dimensional-CAD data including the above-mentioned 
neutral plane extract location in an intermediate-file format, In a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor It has a means to make the neutral plane extract location of the above- 
mentioned joint generate a laminating shell element, and a means to generate a finite element model 
using the above-mentioned laminating shell element. 

[0016] Moreover, in the 1st or 2nd configuration, the three dimensional CAD / CAE manifold-type 
system by the 3rd configuration of this invention define a gap of the neutral plane of a means to make a 
shell element generate, and the above-mentioned joint and the above-mentioned non-connecting part, to 
the corresponding shell element as the neutral plane extract location of a non-connecting part, and is 
equipped with a means to generate a finite element model while it makes the neutral plane extract 
location of a joint generate a laminating shell element. 

[0017] Moreover, the three dimensional CAD / CAE manifold-type system by the 4th configuration of 
this invention are equipped with a means to perform finite element analysis using the generated finite 
element model, in the 1st thru/or the 3rd one of configurations. 
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[0018] Moreover, the three dimensional CAD / CAE manifold-type system by the 5th configuration of 
this invention are the structures which have the laminated structure which a three-dimension 
configuration object becomes from fiber reinforced plastics in the 1st thru/or the 4th one of 
configurations. 
[0019] 

[Embodiment of the Invention] As operation did the gestalt 1 . above-mentioned of, in the case of 
homogeneity material, the neutral plane in a joint passes along the center of figure of a cross section in 
structural analysis in the laminating structure, but in the case of the usual laminate, it does not pass 
along a center of figure except for a special laminatings configuration, such as an anti-commutator layer. 
Therefore, a neutral plane cannot be searched for by the circle describing method like before. In this 
invention, while a laminating beam theory extracts a neutral plane and determining a laminating shell 
element generation location correctly, operation of from the design using three dimensional CAD to the 
structural-analysis simulation (linearity, nonlinear stress analysis, thermal stress analysis, etc.) by CAE 
is enabled [ that it is exact and automatic quickly and ] using such a laminating shell element model. 
[0020] The gestalt of operation of this invention is explained below. Drawing 1 R> 1 is an explanatory 
view explaining the neutral plane by the laminating beam theory, and takes the shafts y and z of 
arbitration to the cross section of the laminate which consists of n layers, drawing 1 ~ setting - the 
laminating of the 27alst layer, and 27b ~ the laminating of a two-layer eye, the laminating of the 27cn- 
th layer, and 28 — the neutral plane of a laminate - it is ~ for example, reference ~ "— FRP structure 
count on the strength - actually - " (58 the Uemura ******, p, 1984) - if the elastic modulus of each 
class and thickness are set to Exi and Ai, respectively so that it may be indicated - the location of the 
neutral plane 28 of a laminate — [0021] 



[0022] It is given by carrying out. A true laminating shell element 24 generation location can be 
determined by determining the location of the neutral plane of a laminate using the conventional not the 
circle describing method but above-mentioned formula (1). 

[0023] The flow chart of the three dimensional CAD / CAE manifold-type system by the gestalt 1 of 
operation of this invention is shown in drawing 2 . The gestalt of this operation shows the example of 
application to a shingle-lap bond joint as shown in drawing 22 . the Pre/Post processor after designing 
an object by three dimensional CAD in step S12 and outputting intermediate files, such as IGES and 
DXF, (step SI 3) -- an intermediate file - reading (step SI 4) the configuration data which the point 
and a curve defined like drawing 22 (c) can be delivered. Thus, with the application of the above- 
mentioned laminating beam theory, the location of a neutral plane is determined to the joint in the 
obtained master model (step SI 5). For example, when the aluminum plate (elastic-modulus 
7000kgf/mm2) of 1.6mm of board thickness is joined to the steel plate (elastic-modulus 21000kgf/mm2) 
of 3.2mm of board thickness with the adhesives (elastic-modulus 103kgf/mm2) of 0.2mm thickness, the 
location of a neutral plane is set to 1 .97mm from a formula (1). If it extracts by the circle describing 
method, it is set to 2.5mm and an error arises. A neutral plane is determined for a laminating shell 
element with the equivalent stiffness as a laminate as the extracted location by the same approach as 
usual at a non-connecting part, and a joint is made to generate a shell element with the ingredient 
constant of adherend (respectively steps SI 6, SI 7, and SI 8). Furthermore, the gap with the neutral plane 
of Adherends A and B and the neutral plane of a joint is defined as offset of a shell element neutral 
plane (step SI 9). A finite element model as this shows to drawing 3 can be created. In drawing 3 , it is 
the tension load which made 29 the grip section and made the load of 30 to the model. Boundary 
condition, such as a constraint and a load, is defined as this model (step S20), and finite element analysis 
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is performed (step S21). Finite element analysis can use general-purpose structural-analysis programs, 
such as MSC/NASTRAN, ADINA, COSMOS, and ANS YS. as an analysis result - for example, 
element stress and a joint - about [ strange ] - etc. — it reads by the Pre/Post processor (step S22), for 
example, an analysis result is visualized by the display of a stress distribution Fig. or distored geometry 
(stepS23). 

[0024] The edge of a shingle-lap bond joint is restrained to drawing 4 , and the deformation condition 
analysis result at the time of carrying out the load of the tension load to the other end is shown. It is 
analyzable by being joined that the gap of the neutral plane of vertical adherend arose and the bending 
deformation by the bending moment has arisen as a result by the shell element monolayer. In a joint, 
since it can ask for the stress within a class side using distortion-stress conversion from element 
distortion, creation of the stress distribution Fig. only within a glue line side is also possible ( drawing 
5). 

[0025] Drawin g 6 and drawing 7 are drawings which compared the analysis result by the laminating 
shell element model concerning the gestalt of this operation with the analysis result by the conventional 
solid element model. As shown in drawin g 6 , even if it measures deformation with the conventional 
solid element model analysis result, the almost same result is obtained. As shown in drawing 7 on the 
other hand, compaction of abbreviation 1/200 is possible for computation time to a solid element model. 
By reduction of this computational complexity, the finite element analysis of the bonded structure object 
in the system configuration which presents a complicated three-dimensions configuration becomes 
possible. 

[0026] In addition, in the gestalt of this operation, although adherends 1 1 and 13 were aimed at what 
carried out the laminating of the metallic material, it is applicable also in the case of the plastics 
laminate strengthened with one direction carbon fiber, a glass fiber, an aramid fiber, etc., for example. 
[0027] Gestalt 2. drawing 8 of operation is the flow chart of the three dimensional CAD / CAE 
manifold-type system by the gestalt 2 of operation of this invention. With the gestalt of this operation, 
after designing an object by three dimensional CAD in step SI 2, with the application of the above- 
mentioned laminating beam theory, a neutral plane is extracted to the joint of a configuration member 
(step SI 5). That is, in the case of a shingle-lap bond joint as shown in drawing 22 (a), with the 
application of a laminating beam theory, a neutral plane is extracted to the joint of the three- 
dimensional-CAD data shown in drawing 22 (b). then, three-dimensional-CAD data including the 
neutral plane extract location of a joint - intermediate-file formats, such as IGES and DXF, — outputting 
(step SI 3) — a Pre/Post processor — an intermediate file — reading (step SI 4) ~ the configuration data 
which the point and a curve defined can be delivered. The neutral plane extract location of the above- 
mentioned joint is crowded for a Pre/Post processor top as the point defined by the right location and a 
curve. Thus, the above-mentioned neutral plane extract location is made to generate a shell element with 
the ingredient constant of adherend for a laminating shell element with the equivalent stiffness as a 
laminate to a non-connecting part to the obtained master model at a joint (respectively steps SI 6, SI 7, 
and SI 8). Furthermore, the gap with the neutral plane of Adherends A and B and the neutral plane of a 
joint is defined as offset of a shell element neutral plane (step SI 9). Thereby, the same finite element 
model as the gestalt 1 of operation can be created. Boundary condition, such as a constraint and a load, 
as well as the gestalt 1 of operation is defined as this model (step S20), and finite element analysis is 
performed (steps S21-S23). 

[0028] Like the gestalt 1 of operation, the analysis result by the gestalt 2 of this operation brings the 
conventional solid element model analysis result and almost same result, and also shortens computation 
time remarkably. 

[0029] The gestalt of gestalt 3. book implementation of operation shows the analysis example of a 
structure panel where hat mold reinforcement was pasted up, using the system of the gestalten 1 or 2 of 
the above-mentioned implementation. Drawing 9 is drawing having shown the configuration in the 
design by the three dimensional CAD of a structure panel which pasted up hat mold reinforcement, and 
between structure panels is joined to hat mold reinforcement with glue. In drawing 9 , it is dividing into 
one half using symmetric property. For 31, as for a structure panel and 33, in drawing, the adhesive joint 
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section and 32 are [ hat mold reinforcement and 34 ] L character mold reinforcement. Drawing 10 is 
drawing having shown jointing in the analysis of the structure panel on which hat mold reinforcement 
was pasted up, jointing is made to generate a laminating shell element, and others make a shell element 
with the mechanical property of panel material generate. Drawing 1 1 R> 1 is the generated finite 
element model. 

[0030] While a virtual prototype can carry out correctly and quickly evaluation of the rigidity of the 
structure panel joined with glue, or a joint on the strength etc. with this model, it can carry out by low 
cost. 

[0031] In addition, also in the case of the plastics laminate strengthened with for example, one direction 
carbon fiber, a glass fiber, an aramid fiber, etc., a structure panel can apply in the gestalt of this 
operation. 

[0032] The gestalt of gestalt 4. book implementation of operation shows the application example to the 
control panel assembled with the application of the adhesive joint using the system of the gestalt 1 of the 
above-mentioned implementation. The condition of having let the intermediate file of an IGES format 
pass, for example, having read each part article of the control panel designed by three dimensional CAD 
by Pre/Post processors, such as FEMAP (ESP company), is shown in drawing 12 R> 2 and drawing 13 . 
Drawing 14 shows the joint of a bottom plate and a side plate. The finite element model which created 
these three-dimensions configuration data as a master model is shown in drawing 15 (a). As for ** 
which is drawing in which drawing 15 (b) showed the field of a joint (laminating shell element) and a 
non-connecting part (shell element) by classification by color in drawing 15 (a), and 35, a laminating 
shell element field and 36 are non-connecting part fields. Drawing 16 is drawing having shown the 
analysis result which performed deformation analysis of a control panel using the system by this 
invention, and, as for 38, 37 shows the condition after deformation before deformation. It turns out that 
the bonded structure object which is a complicated three-dimension configuration can be modeled by the 
shell element monolayer. 

[0033] While a virtual prototype can carry out correctly and quickly evaluation of the rigidity of the 
control panel joined with glue, or a joint on the strength etc. with this model, it can carry out by low 
cost. 

[0034] In addition, in the gestalt of this operation, even when each part article of a control panel consists 
of plastics laminates strengthened with for example, one direction carbon fiber, a glass fiber, an aramid 
fiber, etc., it can apply. 
[0035] 

[Effect of the Invention] According to the three dimensional CAD / the CAE manifold-type system by 
the 1st configuration of this invention In a means to output the three-dimensional-CAD data of a three- 
dimension configuration object in an intermediate-file format, a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor A means to extract the neutral plane in the joint in which the laminating 
was carried out by the glue line using a laminating beam theory, Since it had a means to make the 
neutral plane extract location of the above-mentioned joint generate a laminating shell element, and a 
means to generate a finite element model using the above-mentioned laminating shell element By being 
able to create an exact laminating shell element model from three-dimensional-CAD data, and 
performing finite element analysis (stress analysis, heat transfer analysis, thermal stress analysis, 
characteristic value analysis, ******, etc.) using this model While being able to perform the virtual 
prototype on a computer correctly and quickly, it can carry out by low cost. Especially, in the usual solid 
element model, exact and quick finite element analysis becomes possible also to bonded structure 
objects and laminates, such as the system in which the complicated three-dimension configuration which 
causes huge-ization of computational complexity is shown. 

[0036] According to the three dimensional CAD / the CAE manifold-type system by the 2nd 
configuration of this invention A means to extract the neutral plane in the joint in which the laminating 
was carried out by the glue line from the three-dimensional-CAD data of a three-dimension 
configuration object using a laminating beam theory, A means to output three-dimensional-CAD data 
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including the above-mentioned neutral plane extract location in an intermediate-file format, In a means 
to read the above-mentioned intermediate file by the Pre/Post processor, and the master model generated 
automatically by the above-mentioned Pre/Post processor Since it had a means to make the neutral plane 
extract location of the above-mentioned joint generate a laminating shell element, and a means to 
generate a finite element model using the above-mentioned laminating shell element, there is the same 
effectiveness as the three dimensional CAD / CAE manifold-type system by the 1st configuration. 
[0037] While making the neutral plane extract location of a joint generate a laminating shell element in 
the 1st or 2nd configuration according to the three dimensional CAD / the CAE manifold-type system 
by the 3rd configuration of this invention Since it had a means to have defined a gap of the neutral plane 
of a means to make a shell element generate, and the above-mentioned joint and the above-mentioned 
non-connecting part, to the corresponding shell element as the neutral plane extract location of a non- 
connecting part, and to generate a finite element model Exact and quick finite element analysis becomes 
possible also to the complicated three-dimension configuration object which consists of a joint and a 
non-connecting part. 

[0038] Since it had a means to perform finite element analysis in the 1st thru/or the 3rd one of 
configurations using the generated finite element model according to the three dimensional CAD / the 
CAE manifold-type system by the 4th configuration of this invention, exact and quick finite element 
analysis becomes possible. 

[0039] According to the three dimensional CAD / the CAE manifold-type system by the 5th 
configuration of this invention, since a three-dimension configuration object is the structure which has 
the laminated structure which consists of fiber reinforced plastics, in the above-mentioned structure, the 
exact and quick finite element analysis of it becomes possible. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention is a thing about three dimensional CAD (Computer Aided 
Design) / CAE (Computer Aided Engineering) manifold-type system. For example, they are IGES 
(Initial Graphics Exchange Specification) and DXF () about the three-dimension configuration data 
designed using three dimensional CAD, such as Auto CAD (Auto Desk). [ Drawing ] Interchange It 
outputs in intermediate-file formats, such as File and STEP (Standard for The Exchange Product Model 
Data). By reading the file by the Pre/Post processor The configuration data (data of the field called 
Surface defined by the point and the curve) for the finite-element-method (Finite Element Method : 
FEM) model creation for CAE used in CAE analysis are made to generate automatically. In the three 
dimensional CAD / CAE manifold-type system which can reduce the time amount which modeling 
takes, the three dimensional CAD / CAE manifold-type system for the laminating structure in which the 
laminating was carried out by especially the glue line are realized. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] When performing FEM analysis of a three-dimension configuration object 
generally, an object needs to be discretized to the field of the finite called a finite element (Finite 
Element). The software generally called Pre/Post processors (for example, I-Deas made from SDRC, 
FEMAP by the ESP company, etc.) is used for creation of a finite element. The flow of modeling in a 
Pre/Post processor is shown in drawing 17 . In drawing 17 , in 1, a curve and 2 need to define the 
element generation field in the candidate for modeling, in order for a field flat surface and 4 to be joints 
(node) an element (finite) and 5 and for a point and 3 to make an element 4 generate using a Pre/Post 
processor. The stereo (referred to as Volume) with which the element generation field was defined by 
Surface3 in the case of the field flat surface 3 (referred to as Surface) which was defined by the point 2 
and the curve 1 in the case of the two-dimensional flat surface, and the three-dimension stereo is needed. 
In drawing 17 , first, the coordinate of each point 2 is inputted at step SI , and when an object is a two- 
dimensional flat surface in step S2 - S4, in the case of a point 2, the field flat surface 3 defined by the 
curve 1, and a three-dimension stereo, the stereo defined by Surface3 is generated. Next, steps S5 and S6 
define the material property and shape property of an element 4, step S7 defines the element number of 
partitions further, and an element is generated at step S8. Thus, to the obtained element, boundary 
condition is set up and analysis is performed (step S9, S10). 

[0003] In performing these steps, the operator was reading and doing the manual entry of the coordinate 
from the design drawing until now, but it is possible to make it generate automatically by the spread of 
three dimensional CAD in recent years. For example, Auto Although designed using three dimensional 
CAD, such as CAD (Auto Desk), three-dimension configuration data are outputted to intermediate files, 
such as IGES and DXF, and the file can be read by the Pre/Post processor. As the read data show the 
example to drawing 18 , the three-dimension configuration data (master model) which defined the 
designed product by the point and the curve are contained. That which generated the finite element 
automatically based on the three-dimension configuration data (master model) shown in drawing 18 is 
drawing 19 . In the latest Pre/Post processor, as shown in drawing 19 , it has the function to make a 
tetrahedral element 6 generate, in Volume read in three-dimensional-CAD data, and step SI in drawing 
17 which was being performed manually conventionally - S4, and step S8 can be performed 
automatically. 

[0004] On the other hand, in modeling objects, such as the sheet metal structure, when a state of plane 
stress (Planestress) can be assumed, an object can be discretized with a two-dimensional plane stress 
element (shell element) (modeling). A shell element usually creates the field (neutral plane) located in 
the middle of board thickness, and creates a mesh. Sufficient precision will be acquired if it is the sheet 
metal structure. Since modeling of the direction of board thickness is unnecessary, a mesh can be 
simplified, and analysis time amount can be shortened. 

[0005] The method of extracting a neutral plane from three dimensional CAD automatically from the 
three-dimension configuration data (master model) passed to the Pre/Post processor is opened to for 
example, the Nikkei mechanical (1996. 3.4 No.475 p.63). As shown in drawing 20 and 21, in the master 
model 9 of the thin gauge structure, a circle is described to a cross section 7 and a neutral axis 8 is 
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extracted by connecting the core by the line (the circle describing method is called). Thus, the neutral 
plane 10 extracted by the circle describing method to the three-dimension sheet metal structure is 
drawing 2121 . 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the three dimensional CAD / the CAE manifold-type system by 
the 1st configuration of this invention In a means to output the three-dimensional-CAD data of a three- 
dimension configuration object in an intermediate-file format, a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor A means to extract the neutral plane in the joint in which the laminating 
was carried out by the glue line using a laminating beam theory, Since it had a means to make the 
neutral plane extract location of the above-mentioned joint generate a laminating shell element, and a 
means to generate a finite element model using the above-mentioned laminating shell element By being 
able to create an exact laminating shell element model from three-dimensional-CAD data, and 
performing finite element analysis (stress analysis, heat transfer analysis, thermal stress analysis, 
characteristic value analysis, ****** 9 etc.) using this model While being able to perform the virtual 
prototype on a computer correctly and quickly, it can carry out by low cost. Especially, in the usual solid 
element model, exact and quick finite element analysis becomes possible also to bonded structure 
objects and laminates, such as the system in which the complicated three-dimension configuration which 
causes huge-ization of computational complexity is shown. 

[0036] According to the three dimensional CAD / the CAE manifold-type system by the 2nd 
configuration of this invention A means to extract the neutral plane in the joint in which the laminating 
was carried out by the glue line from the three-dimensional-CAD data of a three-dimension 
configuration object using a laminating beam theory, A means to output three-dimensional-CAD data 
including the above-mentioned neutral plane extract location in an intermediate-file format, In a means 
to read the above-mentioned intermediate file by the Pre/Post processor, and the master model generated 
automatically by the above-mentioned Pre/Post processor Since it had a means to make the neutral plane 
extract location of the above-mentioned joint generate a laminating shell element, and a means to 
generate a finite element model using the above-mentioned laminating shell element, there is the same 
effectiveness as the three dimensional CAD / CAE manifold-type system by the 1st configuration. 
[0037] While making the neutral plane extract location of a joint generate a laminating shell element in 
the 1st or 2nd configuration according to the three dimensional CAD / the CAE manifold-type system 
by the 3rd configuration of this invention Since it had a means to have defined a gap of the neutral plane 
of a means to make a shell element generate, and the above-mentioned joint and the above-mentioned 
non-connecting part, to the corresponding shell element as the neutral plane extract location of a non- 
connecting part, and to generate a finite element model Exact and quick finite element analysis becomes 
possible also to the complicated three-dimension configuration object which consists of a joint and a 
non-connecting part. 

[0038] Since it had a means to perform finite element analysis in the 1st thru/or the 3rd one of 
configurations using the generated finite element model according to the three dimensional CAD / the 
CAE manifold-type system by the 4th configuration of this invention, exact and quick finite element 
analysis becomes possible. 

[0039] According to the three dimensional CAD / the CAE manifold-type system by the 5th 
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configuration of this invention, since a three-dimension configuration object is the structure which has 
the laminated structure which consists of fiber reinforced plastics, in the above-mentioned structure, the 
exact and quick finite element analysis of it becomes possible. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The conventional three dimensional CAD / CAE manifold- 
type system were performing the manifold type with CAE as mentioned above. Next, the three 
dimensional CAD / CAE manifold-type system in the case of being aimed at the structure containing the 
adhesive joint section in which the laminating was carried out by the glue line in the sheet metal 
structure are explained. When designing the above-mentioned structure by three dimensional CAD, as 
shown in drawin g 22 (b), the ultra-thin glue line 12 is not drawing-ized in many cases, and is read in the 
form which does not have a glue line in the master model read by the Pre/Post processor. In addition, 
drawin g 22 (a) is a sheet metal bond joint which is a candidate for a design, and is the master model 
which read drawin g 22 (b) by three-dimensional-CAD data, and read drawing 22 (c) by the Pre/Post 
processor. Moreover, it is the curve from which Adherend A and 12 read 1 1 and a glue line and 13 read 
Adherend B and 14 in three-dimensional-CAD data in drawing 22 , and 15. It is the point read in three- 
dimensional-CAD data. 

[0007] Although drawing 23 extracts the neutral plane of the vertical adherends A and B by the circle 
describing method and generates shell elements 16 and 17 to the above-mentioned master model read by 
the Pre/Post processor, as shown in drawing 23 , the analysis which could not model having pasted up 
but took that it was a bond joint into consideration in the three dimensional CAD / CAE manifold-type 
system for the conventional laminating structure is impossible for it. 

[0008] If a glue line 12 is drawing-ized by three dimensional CAD and it reads into a Pre/Post processor 
as shown in drawing 24 (a), (b), and (c), a glue line 18 will be in the condition of having been contained 
in the master model. To such a master model, as shown in drawing 25 (a), modeling and finite element 
analysis in consideration of a glue line become possible by making the three-dimension solid element 19 
generate. In addition, drawing 25 (b) is drawing having shown the deformation condition analysis result 
at the time of carrying out the load of the tension load 20 to the edge of the shingle-lap bond-joint model 
which used the solid element. 

[0009] however, since the thickness of an ultra-thin glue line serve as criteria of an element division 
degree when a model be make by the above approaches and finite element analysis be perform, when 
cause huge-ization of the number of elements and apply to complicated three dimension configuration 
objects, such as a real product, computation time not only become long, but by modeling by the solid 
element which cannot permit the element of a big aspect ratio on analysis precision, the cases which 
become analysis impossible by the capacity over of a calculating machine occur frequently. 
[0010] On the other hand, although reduction of computational complexity becomes possible to the 
master model shown in drawing 24 (c) by applying the circle describing method to the vertical 
adherends 1 1 and 13 and a glue line, and making a model with a shell element as shown in drawing 26 
There is a problem that association between the shell elements 16 and 17 generated on the neutral plane 
of adherends 1 1 and 13 and the shell element 21 generated on the neutral plane of a glue line is not 
made, and it cannot model having pasted up. 

[001 1] The "laminating shell element model M is proposed as the finite-element-modeling approach 
which can solve the above-mentioned trouble. As shown in drawing 27 , by catching a joint with the 
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laminate of adherend 1 1, a glue line 12, and adherend 13, the laminating theory (LaminateTheory) can 
be applied, the equivalence elasticity (an elastic modulus, coefficient of linear expansion, etc.) as a 
laminate can be searched for, and a model can be made with a shell element (it will be called a 
laminating shell element) by giving as an element property (discretization). That is, the gap which 
formed the joint into the laminating shell element, generated shell elements 22 and 23 to the neutral 
plane of adherends 1 1 and 13 to the non-connecting part, and was produced between the laminating shell 
elements 25 is combined by the rigid-body link 26 during a joint by generating the laminating shell 
element 25 on the field extracted by the circle describing method to the joint regarded as a laminate. 
[0012] However, when a model is made by the approach of coming and finite element analysis is 
performed, the location of the neutral plane extracted by the circle describing method turns into one half 
of locations (namely, center of figure) of the board thickness of all joints to a joint, but unless the quality 
of the material and board thickness of adherends 1 1 and 13 are the same, the true neutral plane 24 of a 
joint does not pass along a center of figure. Therefore, when the location extracted by the circle 
describing method was made to generate the laminating shell element 25, the gap arose between the true 
neutral planes 24, and there was a problem that exact finite element analysis was impossible. 
[0013] This invention is made in order to cancel the above technical problems, and it aims at offering 
the three dimensional CAD / CAE manifold-type system in which exact and quick finite element 
analysis is possible also to the laminating structure which has the joint in which the laminating was 
carried out by the glue line. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/25/2005 



JP,2000-231579,A [MEANS] 



Page 1 of 4 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The three dimensional CAD / CAE manifold-type system by the 1 st 
configuration of this invention In a means to output the three-dimensional-CAD data of a three- 
dimension configuration object in an intermediate-file format, a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor It has a means to extract the neutral plane in the joint in which the 
laminating was carried out by the glue line using a laminating beam theory, a means to make the neutral 
plane extract location of the above-mentioned joint generate a laminating shell element, and a means to 
generate a finite element model using the above-mentioned laminating shell element. 
[0015] Moreover, the three dimensional CAD / CAE manifold-type system by the 2nd configuration of 
this invention A means to extract the neutral plane in the joint in which the laminating was carried out 
by the glue line from the three-dimensional-CAD data of a three-dimension configuration object using a 
laminating beam theory, A means to output three-dimensional-CAD data including the above-mentioned 
neutral plane extract location in an intermediate-file format, In a means to read the above-mentioned 
intermediate file by the Pre/Post processor, and the master model generated automatically by the above- 
mentioned Pre/Post processor It has a means to make the neutral plane extract location of the above- 
mentioned joint generate a laminating shell element, and a means to generate a finite element model 
using the above-mentioned laminating shell element. 

[0016] Moreover, in the 1st or 2nd configuration, the three dimensional CAD / CAE manifold-type 
system by the 3rd configuration of this invention define a gap of the neutral plane of a means to make a 
shell element generate, and the above-mentioned joint and the above-mentioned non-connecting part, to 
the corresponding shell element as the neutral plane extract location of a non-connecting part, and is 
equipped with a means to generate a finite element model while it makes the neutral plane extract 
location of a joint generate a laminating shell element. 

[0017] Moreover, the three dimensional CAD / CAE manifold-type system by the 4th configuration of 
this invention are equipped with a means to perform finite element analysis using the generated finite 
element model, in the 1st thru/or the 3rd one of configurations. 

[0018] Moreover, the three dimensional CAD / CAE manifold-type system by the 5th configuration of 
this invention are the structures which have the laminated structure which a three-dimension 
configuration object becomes from fiber reinforced plastics in the 1st thru/or the 4th one of 
configurations. 
[0019] 

[Embodiment of the Invention] As operation did the gestalt 1. above-mentioned of, in the case of 
homogeneity material, the neutral plane in a joint passes along the center of figure of a cross section in 
structural analysis in the laminating structure, but in the case of the usual laminate, it does not pass 
along a center of figure except for a special laminatings configuration, such as an ant i -commutator layer. 
Therefore, a neutral plane cannot be searched for by the circle describing method like before. In this 
invention, while a laminating beam theory extracts a neutral plane and determining a laminating shell 
element generation location correctly, operation of from the design using three dimensional CAD to the 
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structural-analysis simulation (linearity, nonlinear stress analysis, thermal stress analysis, etc.) by CAE 
is enabled [ that it is exact and automatic quickly and ] using such a laminating shell element model. 
[0020] The gestalt of operation of this invention is explained below. Drawing 1 R> 1 is an explanatory 
view explaining the neutral plane by the laminating beam theory, and takes the shafts y and z of 
arbitration to the cross section of the laminate which consists of n layers, drawing 1 — setting — the 
laminating of the 27alst layer, and 27b — the laminating of a two-layer eye, the laminating of the 27cn- 
th layer, and 28 — the neutral plane of a laminate -- it is — for example, reference — 11 FRP structure 
count on the strength - actually - " (58 the Uemura ******, p. 1984) - if the elastic modulus of each 
class and thickness are set to Exi and Ai, respectively so that it may be indicated - the location of the 
neutral plane 28 of a laminate - [0021] 
[Equation 1] 



0 n ( 1 ) 

X ExA 

[0022] It is given by carrying out. A true laminating shell element 24 generation location can be 
determined by determining the location of the neutral plane of a laminate using the conventional not the 
circle describing method but above-mentioned formula (1). 

[0023] The flow chart of the three dimensional CAD / CAE manifold-type system by the gestalt 1 of 
operation of this invention is shown in drawing 2 . The gestalt of this operation shows the example of 
application to a shingle-lap bond joint as shown in drawing 22 . the Pre/Post processor after designing 
an object by three dimensional CAD in step S12 and outputting intermediate files, such as IGES and 
DXF, (step SI 3) - an intermediate file - reading (step SI 4) — the configuration data which the point 
and a curve defined like drawing 22 (c) can be delivered. Thus, with the application of the above- 
mentioned laminating beam theory, the location of a neutral plane is determined to the joint in the 
obtained master model (step SI 5). For example, when the aluminum plate (elastic-modulus 
7000kgf/mm2) of 1.6mm of board thickness is j oined to the steel plate (elastic-modulus 2 1 000kgf/mm2) 
of 3.2mm of board thickness with the adhesives (elastic-modulus 103kgf/mm2) of 0.2mm thickness, the 
location of a neutral plane is set to 1 .97mm from a formula (1). If it extracts by the circle describing 
method, it is set to 2.5mm and an error arises. A neutral plane is determined for a laminating shell 
element with the equivalent stiffness as a laminate as the extracted location by the same approach as 
usual at a non-connecting part, and a joint is made to generate a shell element with the ingredient 
constant of adherend (respectively steps SI 6, SI 7, and SI 8). Furthermore, the gap with the neutral plane 
of Adherends A and B and the neutral plane of a joint is defined as offset of a shell element neutral 
plane (step SI 9). A finite element model as this shows to drawing 3 can be created. In drawing 3 , it is 
the tension load which made 29 the grip section and made the load of 30 to the model. Boundary 
condition, such as a constraint and a load, is defined as this model (step S20), and finite element analysis 
is performed (step S21). Finite element analysis can use general -purpose structural-analysis programs, 
such as MSC/NASTRAN, ADINA, COSMOS, and ANSYS. as an analysis result - for example, 
element stress and a joint - about [ strange ] - etc. — it reads by the Pre/Post processor (step S22), for 
example, an analysis result is visualized by the display of a stress distribution Fig. or distored geometry 
(step S23). 

[0024] The edge of a shingle-lap bond joint is restrained to drawing 4 , and the deformation condition 
analysis result at the time of carrying out the load of the tension load to the other end is shown. It is 
analyzable by being joined that the gap of the neutral plane of vertical adherend arose and the bending 
deformation by the bending moment has arisen as a result by the shell element monolayer. In a joint, 
since it can ask for the stress within a class side using distortion-stress conversion from element 
distortion, creation of the stress distribution Fig. only within a glue line side is also possible ( drawing 
5). 
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[0025] Drawing 6 and drawin g 7 are drawings which compared the analysis result by the laminating 
shell element model concerning the gestalt of this operation with the analysis result by the conventional 
solid element model. As shown in drawing 6 , even if it measures deformation with the conventional 
solid element model analysis result, the almost same result is obtained. As shown in drawing 7 on the 
other hand, compaction of abbreviation 1/200 is possible for computation time to a solid element model. 
By reduction of this computational complexity, the finite element analysis of the bonded structure object 
in the system configuration which presents a complicated three-dimensions configuration becomes 
possible. 

[0026] In addition, in the gestalt of this operation, although adherends 1 1 and 13 were aimed at what 
carried out the laminating of the metallic material, it is applicable also in the case of the plastics 
laminate strengthened with one direction carbon fiber, a glass fiber, an aramid fiber, etc., for example. 
[0027] Gestalt 2. drawing 8 of operation is the flow chart of the three dimensional CAD / CAE 
manifold-type system by the gestalt 2 of operation of this invention. With the gestalt of this operation, 
after designing an object by three dimensional CAD in step SI 2, with the application of the above- 
mentioned laminating beam theory, a neutral plane is extracted to the joint of a configuration member 
(step SI 5). That is, in the case of a shingle-lap bond joint as shown in drawing 22 (a), with the 
application of a laminating beam theory, a neutral plane is extracted to the joint of the three- 
dimensional-CAD data shown in drawing 22 (b). then, three-dimensional-CAD data including the 
neutral plane extract location of a joint — intermediate-file formats, such as IGES and DXF, ~ outputting 
(step SI 3) ~ a Pre/Post processor — an intermediate file ~ reading (step SI 4) — the configuration data 
which the point and a curve defined can be delivered. The neutral plane extract location of the above- 
mentioned joint is crowded for a Pre/Post processor top as the point defined by the right location and a 
curve. Thus, the above-mentioned neutral plane extract location is made to generate a shell element with 
the ingredient constant of adherend for a laminating shell element with the equivalent stiffness as a 
laminate to a non-connecting part to the obtained master model at a joint (respectively steps SI 6, SI 7, 
and SI 8). Furthermore, the gap with the neutral plane of Adherends A and B and the neutral plane of a 
joint is defined as offset of a shell element neutral plane (step SI 9). Thereby, the same finite element 
model as the gestalt 1 of operation can be created. Boundary condition, such as a constraint and a load, 
as well as the gestalt 1 of operation is defined as this model (step S20), and finite element analysis is 
performed (steps S21-S23). 

[0028] Like the gestalt 1 of operation, the analysis result by the gestalt 2 of this operation brings the 
conventional solid element model analysis result and almost same result, and also shortens computation 
time remarkably. 

[0029] The gestalt of gestalt 3. book implementation of operation shows the analysis example of a 
structure panel where hat mold reinforcement was pasted up, using the system of the gestalten 1 or 2 of 
the above-mentioned implementation. Drawin g 9 is drawing having shown the configuration in the 
design by the three dimensional CAD of a structure panel which pasted up hat mold reinforcement, and 
between structure panels is joined to hat mold reinforcement with glue. In drawin g 9 , it is dividing into 
one half using symmetric property. For 31, as for a structure panel and 33, in drawing, the adhesive joint 
section and 32 are [ hat mold reinforcement and 34 ] L character mold reinforcement. Drawing 10 is 
drawing having shown jointing in the analysis of the structure panel on which hat mold reinforcement 
was pasted up, jointing is made to generate a laminating shell element, and others make a shell element 
with the mechanical property of panel material generate. Drawing 1 1 R> 1 is the generated finite 
element model. 

[0030] While a virtual prototype can carry out correctly and quickly evaluation of the rigidity of the 
structure panel joined with glue, or a joint on the strength etc. with this model, it can carry out by low 
cost. 

[0031] In addition, also in the case of the plastics laminate strengthened with for example, one direction 
carbon fiber, a glass fiber, an aramid fiber, etc., a structure panel can apply in the gestalt of this 
operation. 

[0032] The gestalt of gestalt 4. book implementation of operation shows the application example to the 
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control panel assembled with the application of the adhesive joint using the system of the gestalt 1 of the 
above-mentioned implementation. The condition of having let the intermediate file of an IGES format 
pass, for example, having read each part article of the control panel designed by three dimensional CAD 
by Pre/Post processors, such as FEMAP (ESP company), is shown in drawing 12 R> 2 and drawing 13 . 
Drawing 14 shows the joint of a bottom plate and a side plate. The finite element model which created 
these three-dimensions configuration data as a master model is shown in drawing 15 (a). As for ** 
which is drawing in which drawing 1 5 (b) showed the field of a joint (laminating shell element) and a 
non-connecting part (shell element) by classification by color in drawing 15 (a), and 35, a laminating 
shell element field and 36 are non-connecting part fields. Drawing 16 is drawing having shown the 
analysis result which performed deformation analysis of a control panel using the system by this 
invention, and, as for 38, 37 shows the condition after deformation before deformation. It turns out that 
the bonded structure object which is a complicated three-dimension configuration can be modeled by the 
shell element monolayer. 

[0033] While a virtual prototype can carry out correctly and quickly evaluation of the rigidity of the 
control panel joined with glue, or a joint on the strength etc. with this model, it can carry out by low 
cost. 

[0034] In addition, in the gestalt of this operation, even when each part article of a control panel consists 
of plastics laminates strengthened with for example, one direction carbon fiber, a glass fiber, an aramid 
fiber, etc., it can apply. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view explaining the neutral plane in the laminating beam theory 
concerning the gestalt 1 of operation of this invention. 

[Drawing 2 ] It is drawing showing the flow chart in the three dimensional CAD / CAE manifold-type 
system by the gestalt 1 of operation of this invention. 

[Drawing 3] It is drawing showing the finite element model created by the three dimensional CAD / 

CAE manifold-type system by the gestalt 1 of operation of this invention. 

[Drawing 4] It is drawing showing the analysis result of the deformation condition in the three 

dimensional CAD / CAE manifold-type system by the gestalt 1 of operation of this invention. 

[Drawing 5] It is drawing showing the analysis result of the deformation condition in the three 

dimensional CAD / CAE manifold-type system by the gestalt 1 of operation of this invention, and is 

drawing showing the maximum-principal-stress distribution within a glue line side. 

[Drawing 6] It is drawing which compared the analysis result by the laminating shell element model 

concerning the gestalt 1 of operation of this invention with the analysis result by the conventional solid 

element model. 

[Drawing 7] It is drawing which compared the analysis time amount by the laminating shell element 
model concerning the gestalt 1 of operation of this invention with the analysis time amount by the 
conventional solid element model. 

[Drawing 8] It is drawing showing the flow chart in the three dimensional CAD / CAE manifold-type 
system by the gestalt 2 of operation of this invention. 

[Drawing 9] It is drawing showing the configuration in the design by the three dimensional CAD of a 
structure panel which pasted up the hat mold reinforcement concerning the gestalt 3 of operation of this 
invention. 

[Drawing 10] It is drawing showing jointing in the analysis of the structure panel on which the hat mold 

reinforcement concerning the gestalt 3 of operation of this invention was pasted up. 

[Drawing 1 1] It is drawing showing the finite element model of the structure panel on which the hat 

mold reinforcement concerning the gestalt 3 of operation of this invention was pasted up. 

[Drawing 12] It is drawing showing the condition of having outputted the data of a bottom plate by the 

intermediate file, and having read them by the Pre/Post processor among the three-dimensional-CAD 

design datas of the control panel which applied the adhesive joint concerning the gestalt 4 of operation 

of this invention. 

[Drawin g 13] It is drawing showing the condition of having outputted the data of a bottom plate and a 
side plate by the intermediate file, and having read them by the Pre/Post processor among the three- 
dimensional-CAD design datas of the control panel which applied the adhesive joint concerning the 
gestalt 4 of operation of this invention. 

[Drawing 14] In the condition of having outputted the data of a bottom plate and a side plate by the 
intermediate file, and having read them by the Pre/Post processor among the three-dimensional-CAD 
design datas of the control panel which applied the adhesive joint concerning the gestalt 4 of operation 
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of this invention, it is drawing showing a joint. 

[Drawin g 15] It is drawing showing the finite element model of the control panel which applied the 
adhesive joint concerning the gestalt 4 of operation of this invention. 

[Drawing 16] It is drawing showing the result of the deformation analysis of the control panel 
concerning the gestalt 4 of operation of this invention. 

[Drawing 17] It is drawing showing the flow of modeling in a Pre/Post processor. 

[Drawing 18] It is drawing showing the condition of having read the intermediate file which is the 

output of three dimensional CAD by the Pre/Post processor. 

[Drawing 19] It is drawing showing the finite element generated based on the three-dimension 
configuration data read by the Pre/Post processor. 

[Drawing 20] It is drawing explaining the extract of the neutral plane by the circle describing method. 
[Drawing 21] It is drawing showing the example which extracted the neutral plane of the three- 
dimension sheet metal structure by the circle describing method. 

[Drawing 22] In the structure containing the adhesive joint section in which the laminating was carried 
out by the glue line in the sheet metal structure, a glue line is drawing showing the condition of having 
read into the design and Pre/Post processor by the three dimensional CAD which is not drawing-ized. 
[Drawing 23] It is drawing which made the shell element generate on the neutral plane extracted by the 
circle describing method to the three-dimension configuration data read into the Pre/Post processor. 
[Drawing 24] In the structure containing the adhesive joint section in which the laminating was carried 
out by the glue line in the sheet metal structure, a glue line is drawing showing the condition of having 
read into the design and Pre/Post processor by the three dimensional CAD drawing-ized. 
[Drawing 25] They are the finite element model which was made to generate a solid element and was 
created in the three-dimension configuration data read into the Pre/Post processor, and drawing showing 
a deformation condition analysis result. 

[Drawing 26] In the structure containing the adhesive joint section in which the laminating was carried 
out by the glue line in the sheet metal structure, it is drawing where read the output file by the three 
dimensional CAD drawing-ized into a Pre/Post processor, and the glue line extracted the neutral plane of 
adherend and a glue line, and made each generate a shell element by the circle describing method. 
[Drawing 27] It is drawing showing the gap with the location of the neutral plane acquired by the circle 
describing method, and the true neutral plane of a joint. 
[Description of Notations] 

1 Curve, 2 Point, 3 Surface, 4 (Finite) Element, 5 A joint (node), 6 A tetrahedron solid element, 7 A 
cross section, 8 Neutral axis, 9 A master model, 10 The neutral plane, 1 1 which were extracted by the 
circle describing method Adherend A 12 A glue line, 13 Adherend B, 14 The curve read in three- 
dimensional-CAD data, 15 The point, 16 which were read in three-dimensional-CAD data The shell 
element generated on the neutral plane of Adherend A (plane stress element), 17 The shell element 
generated on the neutral plane of Adherend B (plane stress element), 18 The glue line, 19 which were 
read from three dimensional CAD The solid element generated in Volume, The tension load, 2 1 which 
carried out the load to 20 models The shell element generated on the neutral plane of a glue line (plane 
stress element), 22 The shell element of the adherend A side non-connecting part generated on the 
neutral plane of the laminating section (plane stress element), 23 The shell element of the adherend B 
side non-connecting part generated on the neutral plane of the laminating section (plane stress element), 
24 The true neutral plane of a joint, 25 The laminating shell element generated on the field extracted by 
the circle describing method, 26 The rigid-body link during a joint, 27a The laminating of the 1st layer, 
27b The laminating of a two-layer eye, 27c The laminating of the n-th layer, 28 The neutral plane of a 
laminate, 29 Grip section, 30 The tension load, 3 1 which carried out the load to the model The adhesive 
joint section, 32 A structure panel, 33 Hat mold reinforcement, 34 L character mold reinforcement, 35 A 
laminating shell element field, 36 Before a non-connecting part field and 37 deformation, 38 After 
deformation. 
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